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Fig. 1. Distributions of membrane potential V (4, ¢) at different moments for different scalar factors: (a) p =
10; ¢ = 80 ms; (b) p = 10; t = 280 ms; (¢) p = 30; t = 480 ms; (d) p = 30; ¢ = 680 ms.

198201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 19 (2016) 198201
(a) 1.00F (b) 88 r ()
12 L .\
0.95 80 "
sl 0.90} 2
S £ &
= 0.85) 641
4 B ~
0.80 56
—g—u—N
0 L L L L L 0.75 L L L L 48 1 1 1 1 1
0 8 16 24 32 0 8 16 24 32 0 8 16 24 32
p P P

B2 AR m I EIR$T R[]

(a) RIE Am (b) FIBIAE AL FFEERT IA] 7pq (c) B p HOZEAL 2k

Fig. 2. The delay time for opening gate m (a), amplitude A,, (b) and action potential duration T,pq (c) versus p.
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Fig. 3. Phase diagram in the p-T parameter plane for
Gsi = 0.02 mS/cm?. Circle, spiral wave disappears;
up-triangle, spiral wave evolves into a self-maintain

target wave; square, state of spiral wave.

(a) ¢t = 0 ms; (b) t =40 ms; (c) t = 300 ms;

(d) t =600 ms; (e) t = 1000 ms; (f) ¢ = 1600 ms; (g) ¢ = 2200 ms; (h) ¢ = 2400 ms

Fig. 4. Pattern of membrane potential at different time moments for Ty = 400 ms and p = 8:

(a) t = 0 ms;

(b) ¢ = 40 ms; (c) t = 300 ms; (d) ¢ = 600 ms; (e) ¢t = 1000 ms; (f) ¢ = 1600 ms; (g) t = 2200 ms;

(h) ¢ = 2400 ms.

198201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 19 (2016) 198201

NT T RGO KRR, B 54 T AR T, V& JLRIRG J5 2B %, 1 /2 02 T I i e
PEHI ST SRR o R 22 VBT ) 7R 28 Ak it 8. A PSR U S R, M IR R I R A 1 6 TR
MBS (a) ATLLVE H, 7E T = 500 ms il p = 81 K5 (b) B V & — IR 5t =3 %, X2

60
50 I b
I (a) so b (b)
40 I
I 40
30 [
I I I> 30 r
20 20
10 0k
or ok
1 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
t t
30 (c) 30 F (d)
20 20
I I
10 - 10 -
or 0r
1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
0 200 400 600 800 1000 0 200 400 600 800 1000
t t

5 LEANE p M To 5L T P4 B FUE 25 VO BERT 1] ¢ 197384k (a) To = 500 ms, p = 8; (b) Tp = 450 ms, p = 14;
(¢) To = 500 ms, p = 22; (d) Top = 350 ms, p = 30

Fig. 5. Evolution of the average difference between membrane potential and resting potential for different values of
p and Tp: (a) To = 500 ms, p = 8; (b) To = 450 ms, p = 14; (¢) To = 500 ms, p = 22; (d) To = 350 ms, p = 30.

K6 7ETo = 500 msflp = 8HEM T ARMNZBEREIE  (a) t = 0 ms; (b) ¢t = 500 ms; (c) ¢ = 514 ms;
(d) t =539 ms; (e) t = 556 ms; (f) ¢ = 600 ms; (g) ¢ = 645 ms; (h) t = 712 ms; (i) ¢ = 1000 ms

Fig. 6. Pattern of membrane potential at different time moments for Tp = 500 ms and p = 8: (a) ¢ = 0 ms;
(b) t = 500 ms; (c) t = 514 ms; (d) ¢t = 539 ms; (e) t = 556 ms; (f) t = 600 ms; (g) t = 645 ms; (h) ¢ = 712 ms;
(i) t = 1000 ms.
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Fig. 7. Pattern of membrane potential at different time moments for Tp = 450 ms and p = 14: (a) ¢ = 10 ms;
(b) t =176 ms; (c) t =400 ms; (d) ¢t = 472 ms; (e) t = 499 ms; (f) t = 516 ms.

B8 fETo = 500 msFlp = 221EM FAFNZIEBEERE  (a) t = 4 ms; (b) t = 18 ms; (¢) ¢t = 41 ms;
(d) t =124 ms; (e) t = 242 ms; (f) t = 336 ms; (g) t = 460 ms; (h) ¢ = 520 ms

Fig. 8. Pattern of membrane potential at different time moments for Ty = 500 ms and p = 22: (a) ¢ = 4 ms;
(b) t =18 ms; (c) t = 41 ms; (d) t = 124 ms; (e) t = 242 ms; (f) ¢ = 336 ms; (g) t = 460 ms; (h) ¢ = 520 ms.
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Fig. 10. Evolution of the average difference between membrane potential and resting potential for different values
of p and Tp: (a) To = 40 ms, p = 24; (b) To = 100 ms, p = 12; (c) To = 300 ms, p = 16; (d) To = 500 ms, p = 30.

4 1w 5%E®

ASCHEFT T I ey 3 2 LA T AR m f
st 40 N i) 5 oA 42 i) R e e AN e 2 VR, FRATT R

B 3 230 B i e IR) T FIARFEIR 7 p R, e
TR, 2 VR A T LA B s ), e iR AN
TR R R R 2 R, 18 p EEERCRIE LR,
N R REHERF SRR, T SR e A B 2 YR
B, RIMEAN TR AIREIEEER. 7E p &

198201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 19 (2016) 198201

K11

1E To = 100 ms il p = 12 550 N AR Z1 (4 15 it He 33t 14

(a) t =4 ms; (b) ¢ =80 ms; (c) ¢t = 122 ms; (d) ¢ = 178 ms;
(e) t =224 ms; (f) t = 285 ms; (g) t = 439 ms; (h) t = 489 ms; (i) t = 552 ms; (j) ¢ = 654 ms; (k) t = 960 ms
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(k) t = 960 ms.
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Abstract

Much evidence shows that the appearance and instability of the spiral wave in cardiac tissue can be linked to a kind
of heart disease. Therefore there needs a method of controlling spiral wave more safely and effectively. The intelligent
modification of specific ion channel to achieve desired control is the future direction of gene therapy in heart disease.
The key question that has to be answered is which ion channel is the best candidate for controlling spiral wave. Modern
biological technology has been able to make the mutation of sodium channel gene to change its relaxation time constant.
In this paper, we adopt the Luo-Rudy phase I model to investigate how to regulate the relaxation time constant of
sodium channel gate to control spiral wave and spatiotemporal chaos in cardiac tissues. We suggest a control strategy
which slows down the rate of sodium current activation and inactivation by increasing the relaxation time constant of the
sodium activation gate by up to p times while its fast inactivation gate is clamped to 0.77. Numerical simulation results
show that a gradual increase of p will cause the activation gate of sodium current to reach maximum more slowly, and its
amplitude is gradually reduced, so that the amplitude and duration of the action potential of cardiomyocyte are gradually
reduced. When the factor p is large enough, the spiral wave and spatiotemporal chaos cannot propagate in the medium
except planar wave with low frequency. The reason is that the excitabilities of medium and wave speed significantly
decrease. Therefore, the spiral waves and spatiotemporal chaos can be effectively eliminated when the control time
is properly selected and the factor p is large enough. Spiral wave and spatiotemporal chaos disappear mainly due to
conduction obstacle. In some cases, spiral wave can disappear through the transition from spiral wave to target wave
or tip retraction. Spatiotemporal chaos disappears after spatiotemporal chaos has evolved into meandering spiral wave.
When the parameters are chosen properly, the phenomenon that spiral wave evolves into a self-sustained target wave is
also observed. The corresponding target wave source is the pair of spiral waves with opposite rotation directions. These

results can provide useful information for gene therapy in heart disease.
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